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$\rho$ $(P , q \prime t)\fallingdotseqarrow\beta(\ell)t^{-}arrow$ Linuville
$\frac{\partial_{\beta}(t)}{\partial c}=-\{H, \rho(t)\}\simeq\sim-iL_{\beta}(t)$ (1)
. . $A(p^{N_{(\ell)}}, q^{N_{(C))\equiv}}A(t)$ Hamilton
$\frac{dA(t)}{dt}=\{H, \Lambda_{\backslash }1t)\}=iLA(t)$ (2)
$H$ , $\{\Lambda. B\}$ $y$




$iL=j1 \sum_{=}\{N\frac{\partial H}{\partial_{P_{j}}}\frac{\partial}{\partial qi} -\frac{\partial H}{\partial qj}\frac{\partial}{\partial q_{j}}\}$ (4)
Liouville operator
. ( $\vee$- .
$\alpha$ $l^{Q(a_{l}}t$ ) Master Equation
$\frac{\partial}{\partial\iota}\rho(\alpha_{\iota}t)=fd\alpha’\{V_{\alpha\prime}\alpha^{\rho}(\alpha\prime t)-\Psi_{\alpha\alpha\prime}\rho(\alpha. \iota)\}$ (5)
$\frac{dAt)}{dt}=-\gamma A(t)+f(t)$ $i6$ )
(5) \alpha ’ $\alpha$ . $-arrow$ $a$ ’ $\alpha$ .
. , $a$ ’ $a$ (gain term) $\alpha$ $\alpha^{r}$ (loss
$term)$ (6) $A_{(arrow}-$ . $A$
random force $\iota^{-\prime}arrow(5)$ (6) $–$
’ , . $t5$) $H$ -









$t_{arrow}^{-}$ (8) , random force $A$
$1/\gamma$ . , $\gamma=C\circ nst$ .
1) $\gamma$ $D$ $t-arrow$ $Fluctuation-$
Dissipation theorem $\iota^{\vee}$-
2 $D=r<A^{g}>$ (1 0)
(5) (6) . Markoff random process , Gaussian
$r$ a ndom process , Fnkker-Planck $\sim\infty-$





$P^{2}=P$ . $P(1-\prime P)=0$ $P[f_{1}+f_{2}]=Pf_{1}+Pf_{2}$








$+ \int_{o^{t}}d_{s}K(S)\rho^{(1)}(\iota-s)+I(t)$ (1 4)





$I(t)=-iPLU(c)p_{-}$ (0) $\circ$ (1 8)
(1)
(1) . $\rho$ $(t)$ .
(1)
(14) , Master Equation $-$ . $\rho$ $(t)$
(1) (1)





$n\circ n- A_{1}Iark\circ f$ fian equa tion Ma rknffian mas ter equa tion (5)
, time $sca\cdot les$ $\tau_{1}$ $\tau_{2}$ $(\tau_{2}\gg\tau_{1})$
, , $P$
slow process , $(1 -P)$ fast prncess
. (17) . (18) ( $arrow-$ $Kt^{t)}$ . $I(t)$ $f$ ast process
(2)
$\rho$ (0) . $I(t)$ . (14)
$\frac{\partial}{\partial_{t}}\rho(1)_{(t)}\doteqdot$ { $-i$ P- $L+ \int_{o}^{t}d_{s}K(s)$ } $\rho(1)_{(t\}}$ (1 9)
, . ($5I$
$rightarrow 14\sim$
, (19) (1 4) , $\tau_{1}$ $/\tau_{2}Y$
. ,
distinct time scales ,
Weakly inte-
racting system , $\lambda$ ,
$\tau_{1}$ $/\tau_{2}=o$ $(\lambda 2)$ time scales
$r$ a nge $n$ $c$ , $\tau_{1}/\tau_{2}=O(c)$
7 $g$ , $\tau_{1}/\tau_{2}=o(g)$ .
.





$H$ $=$ $H_{0}$ $+$ $\lambda V$ $(\lambda\ll 1)$ (2 0)
$H$
$N$
$H_{0}=$ $\Sigma$ $Hi$ (2 1)
$i=1$
. $N_{\mathcal{F}}$
$\nabla$ , $\lambda$ .
$\sim J$
$\int_{\sim}$ $=$ $\{J_{1}$ $J_{2}$ , $\cdot$ .. , $I_{N}\}$
(2 2)
$\sim\alpha$ $=$ $\{\alpha_{1}$ , $\alpha_{2}$ , $\cdot$ .. . $\alpha N\}$
$arrow 15-$
.$Hi$ $=$ $Hi$ $(J)\sim$ (2 3)
$V= \sum_{n}’\nabla_{n,\sim}(J)\sim$ $e$ xp $[i\sim n$ . $\sim\alpha]$ (2 4 $I$
$\sim n=\{n_{1}$ . $n_{2}$ , $\cdot$ .. . $n_{N}$ $\}$ . ( $n\dot{J}$ $=$ ) (25)
Li ouvi 1 le ope $r$ a $t$ or
$A$
$iL$ $=$ $iL_{o}$ $+$ $\lambda iL^{r}$ (2 6}
$iL_{0}$ $=$ $\sim\omega(J)\sim$ . $\frac{\partial}{\partial\alpha,\sim}$. $\sim\omega$ ( $J \sim^{)\equiv}\frac{\partial F_{-0}}{\partial_{\vee}J}$ (2 7)
$iL’=$
$\sum_{n,\sim}’exp[in\sim. \alpha_{\sim}]$
$\{\frac{\partial\gamma^{\Gamma}}{\partial J,\sim}n\sim\frac{\partial}{\partial\alpha,\sim}-i\nabla_{n\sim^{n} ,\sim}-\frac{\partial}{\partial\int_{\sim}}\}$ (2 8)
, $\rho$ ( $I\sim’\sim\alpha$ , t) $(J\sim i\sim n,$
t) . . $\rho$ $t_{\sim^{J}}$ , $\sim n\neq o$ , $\iota$ ) $\omega-1$ time






$P\rho$ $(I\sim’\sim n. t)$ $=\rho$ ( $J\sim’$ t)
$-16-$
. ((1 9) )
$t$ (1)
$\frac{\partial}{\partial t}\rho^{(I)}(J\prime t)$ $- \lambda^{2}\int odsPL$
’ $exp(-iL_{0}s$ ] $L$ ’ $\rho$ ( $J\sim$ . t)
$\partial$ (1)








L Infinite system: $,$ $\sim n$ . $\sim\omega$ \rightarrow . 2
2. Di agonal $s$ ingul a r $ity$ :
$\sum_{n_{1},\sim}\sum_{n}\sum_{n,\sim}$
a
$\nabla_{n-n_{1} ,\sim\sim}\nabla_{n_{1} ,\sim}-n\sim^{z}\nabla_{n_{2} ,\sim}-n\sim^{s}\nabla_{n,\sim^{a}}-n\sim$
. $\sim^{z}\sim n=n$ ) , $N$ $()r$ de $r$
$f$ $-1$ $-1$
3. $c_{oarse\yen^{raining}}$ in time: $t\sim$
$\gg\omega$$(\lambda^{2}\omega)$ $b^{a}$ time scale




(14) $I(t)$ $a$ $ti$ me
$sc^{:}-$ale $fh$ ffi\acute ‘.\Re5. Initial Condition:
5’ , $i$ }
$l\dot{f}$ $Aa\dot{i}i\backslash$:Ma $st$ er Equa $t$ io $n$
$-17-$
, Master Equation .









$(t-s)$ $+’\hat{f}(t)$ (3 5)
$arrow i\omega t$
$\varphi(t)=e\Lambda$ $<AK$ $(-t)$ $A>/<A^{2}>$ (3 6)
A
$(t)=\prime^{-i\omega}tiU(-t)$ $(1 -P)$ $LA$ (37)
, $U(t)$ $K$ ( (16) , (17)
$k$
(35) . (6) Langevin .
– , A(t) A/\ . A $(t-s)$




(38) (8). (10) . $\#h$ Fluctua\rightarrow
$ti$ on –Di ss ipa $ti$ on Theo $r$ em
distincf t ime sc a 1 es ,
$A$ . (35) (6)
$A$
slow process , fast process
, $\varphi(t)$ $f(t)$ fast process ,
$\varphi(s)\sim 2\gamma\delta$ $[s]$ (3 9)
(39) (35) (38) $*$ (6). (8). (10)
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$arrow 19arrow$
